INTRODUCTION
The incidence of gallbladder stones in adults ranges from 6% to 10%. 1 Choledocholithiasis occurs in about 10% to 15% of patients with gall bladder stones and can lead to a lot of complications, such as obstructive jaundice, biliary colic, cholangitis and pancreatitis. 2 After worldwide acceptance of laparoscopic cholecystectomy as the gold standard for the management of gallbladder stone disease, extension of the benefits of the laparoscopic approach to the treatment of common bile duct stones becomes the logical next step. 3 The best management of patients with common bile duct stones has always been challenging, and it remains controversial. 4 Progress in endoscopic technology and equipment and improvement in laparoscopic expertise established the principal minimally invasive techniques. 5 However, managing CBD stones remains controversial, with the debate between a single-stage procedure in the form of laparoscopic common bile duct exploration (LCBDE) with cholecystectomy and two-stage procedure using endoscopic retrograde cholangio pancreatography (ERCP) either before or after cholecystectomy. 6 The utilization of LCBDE is gradually increasing and is being accepted for CBD clearance; it is associated with reduced hospital stay compared to preoperative ERCP followed by laparoscopic cholecystectomy. 7 However, as LCBDE needs more advanced laparoscopic skills, and manipulation of the flexible choledochoscpe, the preferred procedure in many hospitals remains to do ERCP either before or after laparoscopic cholecystectomy. 8 The objectives of this work were to evaluate different methods of laparoscopic common bile duct exploration in treatment of common bile duct stones regarding to: feasibility, operative time, operative complications, failure rate, postoperative complications and hospital stay.
METHODS
This prospective study was conducted on 30 patients admitted with common bile duct stones to the GIT and laparoscopic surgery Unit, Department of General Surgery, Tanta University Hospitals during the period from December 2016 to December 2018.
All Patients with CBD stones were included in this study while cases with CBD strictures diagnosed by MRCP were excluded. Preoperatively, full laboratory investigations were done including serum levels of bilirubin, serum glutamic pyruvic transaminase (SGPT), serum glutamic oxaloacetic transaminase (SGOT), amylase and lipase levels. Abdominopelvic ultrasonography (US) and magnetic resonance cholangiopancreatography (MRCP) were performed with comment on common bile duct (CBD) diameter, number and size of stones Figure 1A . A History of previous (ERCP) and stenting, Figure 1B was carefully recorded. Authors prepared a fluoroscopic unit, mobile C-arm unit, Olsen cholangiography fixation clamp, a 4 Fr cholangiography catheter, Ultavest (diluted 1:2 with normal saline), needle holders, stone retrieval baskets, size 3 Fr. Choledochoscopes (3 mm and 5 mm) were placed on a separate stand.
The Calot triangle was dissected, displaying the critical view of safety and exposing the cystic duct-CBD junction and /or the anterior surface of the CBD. This is to allow for the insertion of instruments and the removal of stones. The cystic artery is identified and secured with ties then divided. A tie was then applied to the cystic duct at the gall bladder neck to prevent stone migration into the CBD during surgery. IOC was done through a small incision of the cystic duct using scissors Figure 2A and 2B; care was taken to avoid introduction of air bubbles during the performance of the IOC to avoid false results. Authors reviewed the images of the cholangiography for the presence of stones and their sites and size Figure 3A and 3B for deciding which approach will be used. The transcystic approach began with flushing the CBD with warm saline via the catheter in the cystic duct. Small stones may be flushed by this way, especially after intravenous injection of hyoscine (buscopan). If flushing was inadequate to clear the small stones, Authors used fluoroscopic-guided stone retrieval basket Seigura or Dormia baskets (Boston Scientific®) for extraction of the CBD stones, inserted through the cholangiography catheter. This is the basket in catheter technique. 9 Once the basket engaged a stone, it was then delivered. Authors used this maneuver in most of our cases. This was also capable of the removal and extraction of previously inserted ERCP stents In some cases, Authors used a 3 mm choledochoscope (Karl Storz, Germany) for guiding the stone extraction, Figure 5A . A retrieval basket was inserted through the choledochoscope catching the stone (s) under vision followed by extraction, Figure 5B . Intrahepatic exploration can be achieved through 180-degree angulation and moving the tip of the choledochoscope up into the CHD to complete the inspection of the intrahepatic ducts and carry out stone extraction if necessary. This is the Wiper-Blade manouver. Post-procedure IOC is carried out for confirmation of clearance of the CBD. The cystic duct stump was occluded with ties (vicryl 2/0) or clips then divided. Cholecystecotmy was then completed in the usual steps; intra-abdominal drain was inserted in most of our cases.
The choledochotomy approach was used in case of failed transcystic approach or in case of large stones or abnormal insertion of cystic duct into CBD. It began with Dissection of the peritoneal covering of the supraduodenal portion of the CBD. A longitudinal choledochotomy incision of about 1 cm in length was made using scissors.
Stone extraction was done either by directly grasping stones appearing at the incision, milking of the CBD from below upwards using blunt atraumatic graspers, by irrigation with warm saline through the choledochotomy or Stone extraction with a basket Figure 6A or by a 5 mm choledechoscope through which a retrieval basket can be inserted under direct vision. Primary repair of the choledochotomy incision was done in our cases without stenting or drainage with simple interrupted sutures with 4/0 vicryl or PDS ( Figure 6B ). This was followed by completion IOC then cholecystectomy and drain insertion. All the patients included in this study were subjected to short term follow up 2 weeks and 2 months after operation using US for CBD diameter and any missed stones detection and total bilirubin. Data were analyzed using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp. Qualitative data were described using number and percent. Quantitative data were described using range (minimum and maximum), mean, standard deviation and median. Significance of the obtained results was judged at the 5% level.
RESULTS
There were 21 females (70%) with a mean age of 48.90±11.84 years. 9 (30%) patients had controlled hypertension, 3 (10%) patients had controlled DM and 1 (3.3%) had cardiac disease. Right hypochondrial pain in the form of biliary colic was the most common presentation in 19 patients Table 1 . The operative time was longer in the choledochotomy approach than the transcystic exploration. This was statistically significant with p≤0.001 Table 3 .
Wound (Port site) infection requring antibiotics occurred in 2 patients (6.7%) and chest infection in 2 cases. In addition, bile leakage occurred in 2 cases of choledochotomy approach. It appeared on the second day in one case, with 200 cc bile in the drain bag which decreased gradually on conservative management till it disappeared on the 5 th post-operative day.
The other case developed bile in the drain by the third day with 600 cc of bile which increased to 1000 cc by the fifth day. ERCP was done with a sphincterotomy revealing edema at the sphincter of oddi without residual stones. This case had 45 stones removed from the CBD. The bile leak stopped, the drain was removed, and the patient was discharged on the 8th day. Most intraabdominal drains were removed on the 2nd or 3rd postoperative day except in the previous 2 complicated cases.
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Serum bilirubin was measured on the 3rd day, after 2 weeks and after 2 months. Abdominal ultrasonography was carried out to measure diameter of CBD at the time of discharge, after 2 weeks and after 2 months. These revealed normal bilirubin levels and CBD diameter after 2 months. The post-operative hospital stay ranged from 2-8 days with a mean period of 3.371.38 day. Finally, there was an increased duration of hospital stay in relation with increased operative time with p<0.0001.
DISCUSSION
The present study included 63.3% of cases presented with right hypochondrial pain, 20% presented with jaundice while 16.7% presented with both right hypochondrial pain and jaundice. In the study of Mohamed et al., 87% presented with acute biliary pain with jaundice, 8% presented with acute pancreatitis while 6% presented only with jaundice. 11 Tan et al reported the initial presentations of 60.0% with right hypochondrial pain and 46.0% with jaundice. Acute cholangitis accounted for 32% of the emergency presentations, followed by acute pancreatitis in 10.0% and acute cholecystitis in 10.0%.
12
70% of our cases had thickened gall bladder wall by both US and MRCP, 93.3% of cases had multiple gall bladder stones, dilated CBD with mean diameter of 11.30±5.08 mm by US and 12.43±5.22 mm by MRCP, which has statistically significant increase in the diameter of CBD by MRCP than US. The study of Grubnik et al, reported mean CBD diameter of 10.2 by US. 13 The minimum diameter of the CBD at which laparoscopic CBD exploration by choledochotomy is feasible and safe is controversial. Crawford et al, reported that LCBDE is safer when the CBD is more than 8 mm in diameter. 14 Verbesey et al reported that choledochotomy should be avoided if the CBD is less than 1 cm in diameter for fear of CBD stricture. 15 Authors selected the cases for either transcystic or transcholedochotomy approaches according to cystic duct diameter, CBD diameter and the number and size of stones in CBD. Our success rate in LCBDE was 90%. The success rate with choledochoscopy in either approach was 84.7% in choledochotomy approach and 100% in transcystic approach.
The total number of conversions to open surgery was 3 cases. Zhang et al, study reported that the stone removal success rate was 96.2% (228/237) and only 9 (3.8%) failed and needed endoscopic sphincterotomy or endoscopic papillary balloon dilation. 16 Zhou et al, (72 cases) reported that 6 cases were converted to open operation due to impacted stones with a success rate of 91.7%. 17 Feng et al revealed that stone clearance was achieved in 87.3% of patients in the choledochotomy approach and in 88.9% in the trans cystic approach. There was no significant difference between the two approaches. Conversion occurred in 7.5% of choledochotomy cases and 10.9% of patients undergoing transcystic exploration. 18 In the study by Tan et al, there were 8.0% conversions, while only 6% conversion was seen in the Bansel et al, study. 19 The choledochotomy incision in the current study was done longitudinally for a length of 1 cm, extended in the presence of large stones in the supraduodenal portion of the CBD. On the other hand, Khaled et al, performed a transverse choledochotomy incision. They reported that a transverse choledochotomy is laparoscopically more accessible to closure and reduces the risk of duct stenosis. 20 Choledochotomy incision management after successful laparoscopic transcholedochal CBDE is a matter of debate. Our choledoshotomy cases were managed by primary closure with interrupted absorbable sutures. 18% developed biliary leakage. Chen et al, observed that primary closure is safe after LCBDE (n = 194). 21 Vidagany et al, did primary closure after LCBDE in 160 patients. Bile leakage was reported in only 6.8%. They concluded that primary closure after LCBDE is a safe technique with excellent results. 22 Podda and coworkers did a meta-analysis of all studies comparing primary duct closure and T-tube drainage after LCBDE (total 16 studies, 1770 patients). Primary duct closure showed a significant advantage over T-tube in terms of postoperative bile peritonitis, operative time, hospitalization, and median hospital cost (all p<0.00001). 23 The mean operative time was 162.33±74.67 minutes in the current study. This was consistent with most similar studies. Helmy et al, reported that operative time ranged from 90 to 220 minutes. 24 Chander et al reported 139.9±26.3min (90-205 mins). 25 Authors also noticed a significant reduction in time of the trans cystic approach (80-200 min) compared with the choledochotomy approach (120-300 min). It can be explained by the time needed for dissection of the CBD, intracorporal suturing and knot tying. This agreed with the study of Quaresim et al, with a significant difference between trancystic and choledochotomy approaches. 26 In Tokumura et al, laparoscopic choledochotomy needed a longer operating time than the trans cystic approach. 27 The study done by Puhalla et al, reported an increased operative time with choledochotomy. 28 In Dong et al., study, the mean operative time was much shorter in trans cystic than in choledochotomy. 29 Bile leakage occurred in 2 cases in the choledochotomy approach in the current study. Helmy et al, reported the occurrence of post-operative complications in 3 patients (5%); 2 patients had minor bile leaks which stoped spontaneously in 2 and 4 days and one case of a missed stone. In Dong et al, bile peritonitis was seen in two patients (2.22%) after T-tube removal, and the two patients recovered with expectant treatment. 25 The mean hospital stay was 3.37±2 to 8 days. The patients with conversion to open procedures and those who developed complications had the longest stay. The hospital stay decreased with increasing experience, and it was longer in the early cases for fear of complications. Kadam et al reported hospital stay of 2 to 9 days. 26 Tekin et al reported 3 to 7 days. 27 When Authors analyzed correlations of length of hospital stay with other data, Authors noticed an increased hospital stay with the choledochotomy approach, hospital stay ranged from 3 to 8 days while in the transcystic approach, it ranged from 2 to 3 days. Hongjun et al, revealed significant differences in hospital stay between the transcystic LCBDE group 9.82±3.48 day and transcholedochal LCBDE group 10.74±5.34 day. 29 Grubnik et al reported shorter hospital stay in transcystic approach of 3.4±1.7 than in choledochotomy approach 7.6±2.5. 13 There was a significant increase in hospital stay with the occurrence of bile leakage, which was also reported in the studies of Karaliotas et al, Grubnik et al and Abella et al who reported increased length of hospital stay with bile leakage. 4, 13, 28 CONCLUSION LCBDE is a feasible, effective and safe procedure, depending on several factors including, proper training and gaining experience, adequate equipment, and laparoscopic and choledochoscopic facilities, avoiding the drawbacks of ERCP as well as open CBD approach.
IOC is an important maneuver and should be done in any suspicious case to outline the biliary anatomy and help proper decision making. It is technically challenging to perform choledochoscopy, and if it is achievable, with practice and skills development, it facilitates the extraction of stones under direct visualization, and this of course increases the success rate of LCBDE. Choledocotomy is better to be done when there is a large stone from the start and with a CBD diameter more than 1 cm. It is safe to do primary interrupted closure of CBD in this case T-tube drainage is unnecessary for decompression of the biliary tree. ERCP still holds an important role in the management of choledocholithiasis and in complicated biliary surgery.
